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(54) Linear amplifying equipment 

(57) In atransmission power amplifying unit usedfor 
radio conmnunications, a non-linear distortion compen- 
sator is provided before its main power amplifier. The 
compensator compensates the main power amplifierfor 
non-linear distortions so as to perform non-linear distor- 
tion compensation prior to power amplification of a 
transmission signal. The transmission signal that has 
undergone the non-linear distortion compensation is 
amplified by the main power amplifier. The phase of ei- 



ther the output of the amplifier or the transmission signal 
Is controlled and these two signals are synthesized so 
that they are in opposite phase. This operation can re- 
duce non-linear distortion components generated in the 
main power amplifier and thus power consumption of 
the amplifier. As a result, power consumption of the aux- 
iliary amplifier is reduced and efficiency of power used 
in the linear compensated amplifying equipment can be 
improved. 
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Description 

FIELD OF THE iNVENTION 

[0001] The present invention relates to linear com- 
pensated annplifying equipnnent that is used In a trans- 
mitting unit for radio communications. 

BACKGROUND OF THE INVENTION 

[0002] As a conventional technique of compensating 
for non-linear distortions that are generated in a trans- 
mission power amplifying unit used for radio communi- 
cations, known is that used in feedforward linear com- 
pensated amplifying equipment disclosed in Japanese 
Patent Non-Examined Publication No, 10-270950. This 
equipment employs a method of the following steps: ex- 
tracting in Its non-liner distortion extractor a non-linear 
distortion component generated in Its main power am- 
plifier; amplifying the non-linear distortion component In 
its auxiliary power amplifier; and suppressing the non- 
linear distortion component of a transmission signal by 
adding the extracted component to an output signal from 
the main power amplifier so that the two signals are In 
opposite phase. 

[0003] However, this conventional linear compensat- 
ed amplifying equipment has a problem that it requires 
an auxiliary power amplifier capable of linear amplifica- 
tion and thus efficiency of power utilization In the trans- 
mission power amplifying unit Is considerably reduced. 

SUMMARY OF THE INVENTION 

[0004] The present invention addresses this problem. 
Therefore, it is an object of the present invention to im- 
prove efficiency of power utilization in a transmission 
power amplifying unit when feedforward linear compen- 
sated amplifying equipment Is used as the amplifying 
unit. 

[0005] In accordance with the present Invention, In a 
transmission power amplifying unit used for radio 
communications, .a non-linear distortion compensator 
that compensates a main power ampliflerfor non-linear 
distortions is provided before the main power amplifier 
so as to perform non-linear distortion compensation of 
a transmission signal prior to power amplification. The 
transmission signal that has undergone non-linear dis- 
tortion compensation is amplified In the main power am- 
plifier. Then, the phase of either the output signal from 
the main power amplifier or a transmission signal is con- 
trolled and these two signals are synthesized so that 
they are in opposite phase. This operation can reduce 
non-linear distortion components generated In the main 
power amplifier and thus the power consumption of the 
amplifier. Therefore, the power consumption of the aux- 
iliary power amplifier Is reduced and efficiency of power 
utilization in the linear compensated amplifying equip- 
ment can be Improved. 



BRIEF DESCRiPTiON OF THE DRAWINGS 
[0006] 

Fig. 1 Is a block diagram Illustrating a structure of 
linear compensated amplifying equipment in ac- 
cordance with a first exemplary embodiment of the 
present invention. 

Fig. 2 is a graph of input-output characteristics for 
explaining an operation of the linear compensated 
amplifying equipment In accordance with the 
present invention. 

Fig. 3 is a block diagram illustrating a structure of 
linear compensated amplifying equipment in ac- 
cordance with a second exemplary embodiment of 

the present invention. 

Fig. 4 is a block diagram illustrating a structure of 
linear compensated amplifying equipment in ac- 
cordance with a third exemplary embodiment of the 
present Invention. 

Fig. 5 is a block diagram illustrating a structure of 
linear compensated amplifying equipment in ac- 
cordance with a fourth exemplary embodiment of 
the present invention. 

Fig. 6 is a block diagram Illustrating a structure of 
linear compensated amplifying equipment in ac- 
cordance with a fifth exemplary embodiment of the 
present Invention. 

Fig. 7 Is a block diagram illustrating a structure of 
linear compensated amplifying equipment In ac- 
cordance with a sixth exemplary embodiment of the 
present invention. 

Fig. 8 Is a block diagram Illustrating a structure of 
linear compensated amplifying equipment In ac- 
cordance with a seventh exemplary embodiment of 
the present invention. 

DETAILED DESCRiPTiON OF THE EXEMPLARY 
EMBODIMENTS 

[0007] Exemplary embodiments of the present inven- 
tion are hereinafter demonstrated in detail with refer- 
ence to the accompanying drawings. 



[0008] Fig. 1 illustrates a structure of linear compen- 
sated amplifying equipment In accordance with a first 

exemplary embodiment of the present invention. Trans- 
50 mission signals are digital signals comprising I (in- 
phase) signals and Q (quadrature phase) signals, and 
aretrifurcatedandfed into non-linear distortion compen- 
sator 104, instantaneous power calculator 101 and dig- 
ital-analog (DA) converter 116, respectively. A transmis- 
55 sion signal that has undergone conversion in DA con- 
verter 1 1 6 are filtered through low-pass filter 118, quad- 
rature-modulated in second quadrature modulator 108 
and then fed Into directional coupler 110. 
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[0009] Instantaneous power calculator 1 01 computes 
instantaneous power + of the digital transmission 

signals. Compensation coefficient reading unit 102 re- 
fers to lool<-up table 1 03 using the instantaneous power 
computed in calculator 101 as a reference address. In 
lool<-up table 103, compensation coefficients (complex 
vectors) for compensating main power amplifier 1 06 for 
non-linear distortions are stored. Look-up table 103 
feeds the compensation coefficient read by reading unit 
102 using the reference address into non-linear distor- 
tion compensator 104 via reading unit 102. Non-linear 
distortion compensator 104 compensates the digital 
transmission signal for a non-linear distortion by com- 
puting a complex product of the input digital transmis- 
sion signal and the compensation coefficient. Instanta- 
neous power calculator 101, compensation coefficient 
reading unit 102, lool<-up table 103 and non-linear dis- 
tortion compensator 104 form a preliminary non-linear 
distortion compensation circuit using a lool<-up table 
system for main power amplifier 106. The above oper- 
ation of compensating for non-linear distortions is per- 
formed on each signal component of digital signals, 
which are input signals. 

[001 0] The digital transmission signal that has under- 
gone non-linear distortion compensation in the above- 
mentioned manner is converted into an analog signal in 
DA converter 115, filtered through low-pass filter 117, 
quadrature-modulated in first quadrature modulator 
105, and amplified to a desired power value in main 
power amplifier 1 06. 

[001 1] Fig. 2 is a graph showing input-output charac- 
teristics of main power amplifier 106 for explaining the 
operation described above. Straight line A shows the 
characteristics when main power amplifier 1 06 performs 
linear amplification. However, main power amplifier 106 
has non-linear characteristics of being generally satu- 
rated at large output. In other words, since output char- 
acteristics of the amplifier are saturated as shown by 
curve B with larger input signals, the amplifier exhibits 
non-linear characteristics. Then, compensation coeffi- 
cients exhibiting non-linear characteristics as shown by 
curve C are stored in look-up table 103. When reading 
unit 1 02 reads out these coefficients and non-linear dis- 
tortion compensator 1 04 computes complex products of 
the input signals and coefficients, non-linear distortions 
as shown by curve C are added to the transmission sig- 
nals. When main power amplifier 106 having input-out- 
put characteristics as shown by curve B amplifies these 
signals, the exhibited input-output characteristics are as 
shown by curve D and the non-linear characteristics are 
improved. Since the power of distortion components of 
main power amplifier 106 corresponds to the deviation 
from straight line A, the power of distortion components 
reduces from values corresponding to curve B to those 
corresponding to curve D. Thus, the power dealt with in 
auxiliary power amplifier 111 described below can be re- 
duced. 

[001 2] Returning to Fig. 1 , the output from power am- 



plifier 1 06 is bifurcated by directional coupler 1 07, which 
serves as a distributor. One of the output is fed into 
phase and amplitude controller 1 09, where the signal is 
controlled so as to be the same as the output of second 
5 quadrature modulator 1 08 in amplitude and opposite in 
phase, and fed into directional coupler 110. Directional 
coupler 110 synthesizes the output of quadrature mod- 
ulator 108 and the output of phase and amplitude con- 
troller 109 so as to extract non-linear distortion compo- 
se nents generated in main power amplifier 106 (corre- 
sponding to curve D in Fig. 2). The extracted non-linear 
distortion component signal is amplified in auxiliary pow- 
eramplifierlll to apowervalueequaltothatof the non- 
linear distortion component of the output from main pow- 
15 er amplifier 1 06 and fed into directional coupler 113. 
[001 3] On the other hand, the other of the output from 
directional coupler 107 is fed into phase controller 112. 
Phase controller 112 controls the output of main power 
amplifier 1 06 so that the signal is opposite to the output 
20 of auxiliary power amplifier 1 11 in phase, and feeds the 
controlled output into directional coupler 113. Direction- 
al coupler 113 synthesizes these two signals so as to 
eliminate a non-linear distortion component from the 
output of main power amplifier 1 06. As a result of these 
25 operations, the output of directional coupler 113 corre- 
sponding to straight line A can be obtained and a mod- 
ulation signal is synthesized as linearly compensated 
transmission output. 

[0014] With the above-mentioned structure, prelimi- 
30 nary non-linear distortion compensation performed us- 
ing a look-up table system in non-linear distortion com- 
pensator 104 can reduce non-linear distortion compo- 
nents generated in main power amplifier 1 06. Therefore, 
since the power of non-linear distortion components to 
35 be extracted in directional coupler 1 1 0 can be reduced, 
power consumption in auxiliary power amplifier 1 1 1 can 
be reduced. Consequently, efficiency of power used in 
the entire 11 near compensated amplifying equipment can 
be improved. 

40 [0015] As mentioned above, in accordance with this 
embodiment, a preliminary non-linear distortion com- 
pensation circuit using a look-up table system provided 
before main power amplifier 1 06 reduces non-linear dis- 
tortion components generated in main power amplifier 

45 106 and thus accomplishes lower power consumption 
of auxiliary power amplifier 111 . Therefore, feedforward 
linear compensated amplifying equipment that efficient- 
ly utilizes its power can be constructed. 

50 Embodiment 2 

[0016] Fig. 3 shows a structure of linear compensated 
amplifying equipment in accordance with a second ex- 
emplary embodiment of the present invention. In this 
55 embodiment, instantaneous power calculator 1 01 , com- 
pensation coefficient calculator 302, and non-linear dis- 
tortion compensator 104 form a preliminary non-linear 
distortion compensation circuit using an approximate 
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expression. In Fig. 3, tlie same elennents as tliose 
shown in Fig. 1 are denoted with the sanne reference 
numerals. 

[0017] Digital signals are trifurcated and supplied to 
non-linear distortion compensator 104, instantaneous 
power calculator 101 and DA converter 116, respective- 
ly. The transmission signal that has been fed into DA 
converter 116 is filtered through low-pass filter 118, 
quadrature-modulated in second quadrature modulator 
108, and then supplied to directional coupler 110. 
[0018] Instantaneous power calculator 101 computes 
instantaneous power 1^ + Q2 of the digital transmission 
signals. Compensation coefficient calculator 302 ap- 
proximates a compensation coefficient (complex vector) 
for compensating main power amplifier 106 for a non- 
linear distortion according to a predetermined calcula- 
tion expression, using the instantaneous power value 
computed in calculator 101 as a parameter, and feeds 
the determined compensation coefficient into non-linear 
distortion compensator 104. Non-linear distortion com- 
pensator 1 04 computes a complex product of the input 
transmission signal and the compensation coefficient 
for non-linear distortion compensation. 
[001 9] Since the operations are the same as those of 
corresponding elements described in Embodiment 1, 
the description of operations after this step is omitted. 
[0020] With the above-mentioned structure, prelimi- 
nary non-linear distortion compensation performed us- 
ing approximation in non-linear distortion compensator 
104 can reduce non-linear distortion components gen- 
erated in main power amplifier 106. Therefore, since the 
power of non-linear distortion components to be extract- 
ed in directional coupler 110 can be reduced, the power 
consumption in auxiliary power amplifier 1 1 1 can be re- 
duced. Consequently, efficiency of power used in the en- 
tire linear compensated amplifying equipment can be 
improved. 

[0021] As mentioned above, in accordance with this 
embodiment, a preliminary non-linear distortion com- 
pensation circuit using an approximation system provid- 
ed before main power amplifier 1 06 can reduce non-lin- 
ear distortion components generated in main power am- 
plifier 106 and thus accomplishes lower power con- 
sumption of the auxiliary power amplifier, Therefore, 
feedfonward linear compensated amplifying equipment 
that efficiently utilizes its power can be constructed. 

Embodiment 3 

[0022] Fig. 4 shows a structure of linear compensated 
amplifying equipment in accordance with a third exem- 
plary embodiment of the present invention. In Fig. 4, the 
same elements as shown in Fig. 1 are denoted with the 

same reference numerals. 

[0023] Analog transmission signals are quadrature- 
modulated in quadrature modulator 401 and then bifur- 
cated. One of the output is subjected to non-linear dis- 
tortion compensation in non-linear distortion compensa- 



tor 402 and amplified to desired power in main power 
amplifier 106. Non-linear distortion compensator 402 is 
made of a non-linear elementthat is opposite to the main 
power amplifier in characteristics except for the gain, 

5 such as a diode. The compensator receives the output 
of quadrature modulator 401 so as to perform non-linear 
distortion compensation in accordance with the charac- 
teristics of the non-linear element. 
[0024] The output from main power amplifier 1 06 is 

10 bifurcated by directional coupler 1 07. One of the output 
is fed into phase and amplitude controller 109, where 
the signal is controlled so as to be the same as the out- 
put of quadrature modulator 401 in amplitude and op- 
posite in phase, and fed into one input terminal of direc- 

15 tional coupler 110. The other input terminal of directional 
coupler 110 receives a signal of the other output from 
quadrature modulator 401 . Directional coupler 110 syn- 
thesizes these two signals so as to extract a non-linear 
distortion component generated in main power amplifier 

20 i 06. The extracted non-linear distortion component sig- 
nal is amplified in auxiliary power amplifier 111 to a pow- 
er value equal to the non-linear distortion component of 
the output from main power amplifier 106 and fed into 
directional coupler 113. 

25 [0025] The other of the outputfrom directional coupler 
107 is fed into phase controller 112. Phase controller 
112 controls the output of main power amplifier 106 so 
that the output is opposite to the output of auxiliary pow- 
er amplifier 1 11 in phase, and feeds into directional cou- 

30 pier 113. Directional coupler 1 1 3 synthesizes these two 
signals so as to eliminate a non-linear distortion compo- 
nent from the output of main power amplifier 106 and 
synthesize a modulation signal as transmission output. 
[0026] In the above-mentioned manner, preliminary 

35 non-linear distortion compensation performed using a 
non-linear element in non-linear distortion compensator 
402 can reduce non-linear distortion components gen- 
erated in main power amplifier 1 06. Therefore, since the 
power of non-linear distortion components to be extract- 

40 ed in directional coupler 110 can be reduced, the power 
consumption in auxiliary power amplifier 111 can be re- 
duced. Consequently, efficiency of power used in the lin- 
ear compensated amplifying equipment can be im- 
proved. 

45 [0027] As for the non-linear element used in non-lin- 
ear distortion compensator 402, filters or non-linear 
characteristics circuits that exhibit input-output charac- 
teristics canceling non-linearity of main power amplifier 
1 06 have the same effects as diodes. 

50 [0028] As mentioned above, in accordance with this 
embodiment, a preliminary non-linear distortion com- 
pensation circuit of a non-linear element provided be- 
fore main power amplifier 106 reduces non-linear dis- 
tortion components generated in main power amplifier 

55 1 06 and accomplishes lower power consumption of the 
auxiliary power amplifier. Therefore, feedforward linear 
compensated amplifying equipment that efficiently uti- 
lizes its power can be constructed. 
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Embodiment 4 

[0029] Fig. 5 illustrates a structure of linear compen- 
sated amplifying equipment in accordance with a fourth 
embodiment of the present invention. The structure of 
this embodiment is essentially the same as that of Em- 
bodiment 1 described in Fig. 1 except that second non- 
linear distortion compensator 511 is provided before 
auxiliary power amplifier 111 . Therefore, the respective 
elements corresponding to those in Fig. 1 are denoted 
with the same reference numerals. The description of 
the structure and operation of the same elements is 
omitted and only the description of different elements is 
given. 

[0030] A non-linear distortion component that has 
been subjected to preliminary distortion compensation 
in first non-linear distortion compensator 104 and then 
generated in main power amplifier 106 is extracted in 
directional coupler 110. The extracted signai is subject- 
ed to preliminary non-linear distortion compensation in 
second non-linear distortion compensator 51 1 and then 
fed into auxiliary power amplifier 111, where the signal 
is amplified to the power equal to that of the non-linear 
distortion component of the output from main power am- 
plifier 106. Non-linear distortion compensator 511 is 
made of a non-linear elementthat is opposite to auxiliary 
power amplifier 1 1 1 in characteristics except for the en- 
tire gain. The preliminary non-linear distortion compen- 
sation is performed by utilizing the characteristics of this 
non-linear element. The output of auxiliary power am- 
plifier 1 1 1 that has undergone preliminary non-linear dis- 
tortion compensation is synthesized with the output of 
phase controller 112 in directional coupler 113 so as to 
eliminatethenon-lineardistortion component from main 
power amplifier 1 06 and synthesize a modulation signal 
as transmission output. 

[0031] In the above-mentioned manner, preliminary 
non-linear distortion compensation performed in first 
non-linear distortion compensator 104 can reduce non- 
linear distortion components generated in main power 
amplifier 1 06, and moreover, preliminary non-linear dis- 
tortion compensation performed in second non-linear 
distortion compensator 511 can reduce non-linear dis- 
tortion components generated in auxiliary power ampli- 
fier 111. As a result, power consumption in auxiliary 
power amplifier 111 can further be reduced. 
[0032] As mentioned above, in accordance with this 
embodiment, a preliminary non-linear distortion com- 
pensation circuit using a look-up table system provided 
before the main power amplifier and a preliminary non- 
linear distortion compensator of a non-linear element 
provided before the auxiliary power amplifier accom- 
plish lower power consumption of the main and auxiliary 
power amplifiers. Therefore, this embodiment has the 
effect of constructing feedforward linear compensated 
amplifying equipment that can efficiently utilize its pow- 
er. 



Embodiment 5 

[0033] Fig. 6 illustrates a structure of linear compen- 
sated amplifying equipment in accordance with a fifth 

5 embodiment of the present invention. The structure of 
this embodiment is essentially the same as that of Em- 
bodiment 2 described in Fig. 3 except that second non- 
linear distortion compensator 610 is provided before 
auxiliary power amplifier 111 . Therefore, the respective 

10 elements corresponding to those in Fig. 3 are denoted 
with the same reference numerals. The description of 
the structure and operation of the same elements is 
omitted and only the description of different elements is 
given. 

15 [0034] A non-linear distortion component that has 

been subjected to preliminary distortion compensation 
in first non-linear distortion compensator 1 04 and then 
generated in main power amplifier 106 is extracted in 
directional coupler 107. The extracted signal is subject- 

20 ed to preliminary non-linear distortion compensation in 
second non-linear distortion compensator 61 0 and then 
fed into auxiliary power amplifier 111, where the signal 
is amplified to the power equal to that of the non-linear 
distortion component of the output from main power am- 

25 plifier 106. Non-linear distortion compensator 610 is 
made of a non-linear elementthat is opposite to auxiliary 
power amplifier 1 1 1 in characteristics except for the en- 
tire gain. The preliminary non-linear distortion compen- 
sation is performed by utilizing the characteristics of this 

30 non-linear element. The output of auxiliary power am- 
plifier 1 1 1 that has undergone preliminary non-linear dis- 
tortion compensation is synthesized with the output of 
phase controller 1 12 in directional coupler 113 so as to 
eliminate the non-linear distortion componentf rom main 

35 power amplifier 1 06 and synthesize a modulation signal 
as transmission output. 

[0035] In the above-mentioned manner, preliminary 
non-linear distortion compensation performed in first 
non-linear distortion compensator 104 can reduce non- 
40 linear distortion components generated in main power 
amplifier 106, and moreover, preliminary non-linear dis- 
tortion compensation performed in second non-linear 
distortion compensator 610 can reduce non-linear dis- 
tortion components generated in auxiliary power ampli- 
45 tier 111. As a result, power consumption in auxiliary 
power amplifier 111 can further be reduced. 
[0036] As mentioned above, in accordance with this 
embodiment, a preliminary non-linear distortion com- 
pensation circuit using an approximation system provid- 
50 ed before the main power amplifier and a preliminary 
non-linear distortion compensator of a non-linear ele- 
ment provided before its auxiliary power amplifier ac- 
complish lower power consumption ofthe main and aux- 
iliary power amplifiers. Therefore, this embodiment has 
55 the effect of constructing feedforward linear compensat- 
ed amplifying equipment that can efficiently utilize its 
power. 
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Embodiment 6 

[0037] Fig. 7 illustrates a structure of linear compen- 
sated amplifying equipment in accordance with a sixth 
embodiment of the present invention. The structure of 
this embodiment is essentially the same as that of Em- 
bodiment 3 described in Fig. 4 except that second non- 
linear distortion compensator 707 is provided before 
auxiliary power amplifier 111 . Therefore, the respective 
elements corresponding to those in Fig. 4 are denoted 
with the same reference numerals. The description of 
the structure and operation of the same elements is 
omitted and only the description of different elements is 
given. 

[0038] A non-linear distortion component that has 
been subjected to preliminary non-linear distortion com- 
pensation in first non-linear distortion compensator 402 
and then generated in main power amplifier 106 is ex- 
tracted in directional coupler 110. The extracted signal 
is subjected to preliminary non-linear distortion compen- 
sation in second non-linear distortion compensator 707 
and then fed into auxiliary power amplifier 111 , where 
the signal is amplified to the power equal to that of the 
non-linear distortion component of the output from main 
power amplifier 106. Non-linear distortion compensator 
707 is made of a non-linear element that is opposite to 
auxiliary power amplifier 111 in characteristics except 
for the entire gain. The preliminary non-linear distortion 
compensation is performed utilizing the characteristics 
of this non-linear element. The output of auxiliary power 
amplifier 111 that has undergone preliminary non-linear 
distortion compensation is synthesized with the output 
of phase controller 112 in directional coupler 113 so as 
to eliminate the non-linear distortion component from 
main power amplifier 106 and synthesize a modulation 
signal as transmission output. 

[0039] In the above-mentioned manner, preliminary 
non-linear distortion compensation performed in first 
non-linear distortion compensator 402 can reduce non- 
linear distortion components generated in main power 
amplifier 1 06, and moreover, preliminary non-linear dis- 
tortion compensation performed in second non-linear 
distortion compensator 707 can reduce non-linear dis- 
tortion components generated in auxiliary power ampli- 
fier 111. As a result, power consumption of auxiliary 
power amplifier 111 can further be reduced. 
[0040] As mentioned above, in accordance with this 
embodiment, a preliminary non-linear distortion com- 
pensator of a non-linear element provided before the 
main power amplifier and a preliminary non-linear dis- 
tortion compensator of a non-linear element provided 
before the auxiliary power amplifier accomplish lower 
power consumption of the main and auxiliary power am- 
plifiers. Therefore, this embodiment has the effect of 
constructing feedforward linear compensated amplify- 
ing equipment that can efficiently utilize its power. 
[0041] Although phase and amplitude controller 109 
is disposed between directional couplers 107 and 110 



in the description of Embodiments 1 through 6, the con- 
troller can be disposed before or after main power am- 
plifier 1 06, or before directional coupler 1 1 0. 
[0042] Likewise, phase controller 112 disposed be- 

5 tween directional couplers 1 07 and 1 1 3 in the above de- 
scription can be disposed before or after auxiliary power 
amplifier 111. In any case, the same effect can be ob- 
tained as long as thetwo signalsfed into directional cou- 
plers 1 1 0 and 1 1 3 are controlled so as to be in opposite 

10 phase. 

[0043] As for a means of distnbuting signals, such dis- 
tnbution circuits as a power splitter, and a distributor 
comprising a transformer can be used instead of direc- 
tional coupler 107. In addition, a coupled circuit com- 

15 prising a transfonner can be used as a means of syn- 
thesizing signals instead of directional coupler 113. 
[0044] Although each of main power amplifier 1 06 and 
auxiliary power amplifier 1 1 1 is made of one stage in the 
above-mentioned embodiments, the amplifiers can be 

20 made of a plurality of stages. Moreover, although quad- 
rature modulators 105, 1 08 and 401 are described as a 
single-stage direct conversion system, the signals can 
be converted to intermediate frequencies and then 
quadrature-modulated. 

25 [0045] DA converters 11 5 and 116 and low-pass filters 
1 1 7 and 1 1 8 can be disposed after quadrature modula- 
tors 105 and 108, respectively. 

Embodiment 7 

30 

[0046] Fig. 8 illustrates an example of a structure of 
radio equipment using linear compensated amplifying 
equipment in accordance with the present invention. 
The radio equipment is used in a mobile communication 

35 base station. Radio equipment 801 is made of transmit- 
ting unit 802 and receiving unit 805. Transmitting unit 
802 Is made of modulator 803 and linear compensated 
amplifying equipment in accordance with the present in- 
vention. l\/lodulator 803 modulates signals to be trans- 

40 mitted, according to a predetermined modulation meth- 
od, generates digital or analog transmission signals, 
and feeds them into linear compensated amplifying 
equipment 804. Linear compensated amplifying equip- 
ment 804 linearly amplifies the transmission signals to 

45 desired power using the methods described in Embod- 
iments 1 to 6, and then transmits the amplified signals 
from antenna 806 to mobile stations 807 and 808. 
[0047] The signals transmitted from mobile stations 
807 and 808 are received by the antenna, and then re- 

50 ceived by receiving unit 805. Since the operation of the 
receiving unit is irrelevant to the present invention, the 
description is omitted. 

[0048] As described above, although a linear amplify- 
ing unit in a transmitting system usually consumes large 
55 power in radio equipment 801, its power consumption 
can be reduced by using linear compensated amplifying 
equipment 804 as the amplifying unit, and thus efficien- 
cy of power used in radio equipment 801 can be im- 
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proved. In this embodiment, the radio equipment is 
structured to have receiving unit 805. However, the 
same effect can be obtained even with a structure with- 
out receiving unit 805. A plurality of antennas 806 can 
be used and a single antenna need not be shared for 
transmission and reception. 



Claims 

1. Linear compensated amplifying equipment com- 
prising: 

a non-linear distortion compensator that deter- 
mines a non-linear distortion compensation co- 
efficient from a look-up table using instantane- 
ous power of a transmission signal as an ad- 
dress and performs non-linear distortion com- 
pensation using a complex product of said de- 
termined coefficient and said transmission sig- 
nal; 

a first quadrature modulator that quadrature- 
modulates output of said non-linear distortion 
compensator; 

a second quadrature modulator that quadra- 
ture-modulates said transmission signal; 
a main power amplifier that amplifies output of 
said first quadrature modulator; 
a non-linear distortion extractor that extracts a 
non-linear distortion signal by controlling a 
phase and amplitude of one of (a) output of said 
main power amplifier and (b) output of said sec- 
ond quadrature modulator and by synthesizing 
said two signals so that said two signals are in 
opposite phase; 

an auxiliary power amplifier that amplifies the 
extracted non-linear distortion signal; and 
a modulation signal synthesizer that controls a 
phase of one of (c) output of said main power 
amplifier and (d) output of said auxiliary ampli- 
fier, and synthesizes said two signals so that 
said two signals are in opposite phase. 

2. The linear compensated amplifying equipment as 
set forth in Claim 1 wherein the control of a phase 
and amplitude in said non-linear distortion extractor 
is performed before said main power amplifier. 

3. The linear compensated amplifying equipment as 
set forth in Claim 1 wherein the control of a phase 
in said modulation signal synthesizer is perfonned 
before said auxiliary power amplifier. 

4. The linear compensated amplifying equipment as 
set forth in Claim 1 wherein the control of a phase 
and amplitude in said non-linear distortion extractor 
is performed before said main power amplifier and 
the control of a phase in said modulation signal syn- 



thesizer is performed before said auxiliary power 
amplifier. 

5. Linear compensated amplifying equipment com- 
5 prising: 

a non-linear distortion compensator that com- 
putes instantaneous power of a transmission 
signal, computes a non-linear distortion com- 
10 pensation coefficient using said instantaneous 

power in accordance with a prepared approxi- 
mation expression, and performs non-linear 
distortion compensation using a complex prod- 
uct of said determined coefficient and said 
15 transmission signal; 

a first quadrature modulator that quadrature- 
modulates output of said non-linear distortion 
compensator; 

a second quadrature modulator that quadra- 
te ture-modulates said transmission signal; 

a main power amplifier that amplifies output of 
said first quadrature modulator; 
a non-linear distortion extractor that extracts a 
non-linear distortion signal by controlling a 
25 phase and amplitude of one of (a) output of said 

main power amplifier and (b) output of said sec- 
ond quadrature modulator and by synthesizing 
said two signals so that said two signals are in 
opposite phase; 
30 an auxiliary power amplifier that amplifies the 

extracted non-linear distortion signal; and 
a modulation signal synthesizer that controls a 
phase of one of (c) output of said main power 
amplifier and (d) output of said auxiliary ampli- 
35 fier, and synthesizes said two signals so that 

said two signals are in opposite phase. 

6. The linear compensated amplifying equipment as 
set forth in Claim 5 wherein the control of a phase 

40 and amplitude in said non-linear distortion extractor 
is performed before said main power amplifier. 

7. The linear compensated amplifying equipment as 
set forth in Claim 5 wherein the control of a phase 

45 in said modulation signal synthesizer is performed 
before said auxiliary power amplifier. 

8. The linear compensated amplifying equipment as 

set forth in Claim 5 wherein the control of a phase 
50 and amplitude in said non-linear distortion extractor 
is performed before said main power amplifier and 
the control of a phase in said modulation signal syn- 
thesizer is pertormed before said auxiliary power 
amplifier. 

55 
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prising: 
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a quadrature modulator that quadrature-modu- 
lates a transmission signal; 
a non-linear distortion compensator tliat 
renders cliaracteristics opposite to those of a 
main power amplifier except for gain to the 
quadrature-modulated signal; 
said main power amplifier that amplifies the 
modulated signal subjected to non-linear dis- 
tortion compensation; 

a non-linear distortion extractor that controls a 

phase and amplitude of one of (a) output of said 
main power amplifier and (b) output of quadra- 
ture modulator, and synthesizes said two sig- 
nals so that said two signals are in opposite 
phase; 

an auxiliary power amplifier that amplifies the 
extracted non-linear distortion signal; and 
a modulation signal synthesizer that controls a 
phase of one of (c) output of said main power 
amplifier and (d) output of said auxiliary power 
amplifier, and synthesizes said two signals so 
that said two signals are in opposite phase. 

10. The linear compensated amplifying equipment as 
set forth in Claim 9 wherein the control of a phase 

and amplitude in said non-linear distortion extractor 
is performed before said main power amplifier. 

11. The linear compensated amplifying equipment as 
set forth in Claim 9 wherein the control of a phase 
in said modulation signal synthesizer is performed 
before said auxiliary power amplifier. 

12. The linear compensated amplifying equipment as 
set forth in Claim 9 wherein the control of a phase 
and amplitude in said non-linear distortion extractor 
is performed before said main power amplifier and 
the control of a phase in said modulation signal syn- 
thesizer is performed before said auxiliary power 
amplifier. 

13. The linear compensated amplifying equipment as 
set forth in Claim 9 wherein said non-linear distor- 
tion compensator is made of a non-linear element. 

14. Linear compensated amplifying equipment com- 
prising: 

a first non-linear distortion compensator that 
determines a non-linear distortion compensa- 
tion coefficient from a look-up table using in- 
stantaneous power of a transmission signal as 
an address and performs non-linear distortion 
compensation using a complex product of said 
determined coefficient and said transmission 
signal; 

a first quadrature modulator that quadrature- 
modulates output of said non-linear distortion 



compensator; 

a second quadrature modulator that quadra- 
ture-modulates said transmission signal; 
a main power amplifier that amplifies output of 
said first quadrature modulator; 
a non-linear distortion extractor that extracts a 
non-linear distortion signal by controlling a 
phase and amplitude of one of (a) output of said 
main power amplifier and (b) output of said sec- 
ond quadrature modulator and by synthesizing 
said two signals so that said two signals are in 
opposite phase; 

a second non-linear distortion compensator 
that renders characteristics opposite to those 
of an auxiliary power amplifier except for gain 
to the extracted non-linear distortion signal; 
said auxiliary amplifier that amplifies output of 
said second non-linear distortion compensator; 
and 

a modulation signal synthesizer that controls a 

phase of one of (c) output of said main power 
amplifier and (d) output of said auxiliary power 
amplifier, and synthesizes said two signals so 
that said two signals are in opposite phase. 

15. The linear compensated amplifying equipment as 
set forth in Claim 1 4 wherein the control of a phase 
and amplitude in said non-linear distortion extractor 
is performed before said main power amplifier. 

16. The linear compensated amplifying equipment as 
set forth in Claim 1 4 wherein the control of a phase 
in said modulation signal synthesizer is performed 
before said auxiliary power amplifier. 

17. The linear compensated amplifying equipment as 
set forth in Claim 1 4 wherein the control of a phase 
and amplitude in said non-linear distortion extractor 
is performed before said main power amplifier and 
the control of a phase in said modulation signal syn- 
thesizer is performed before said auxiliary power 
amplifier. 

18. The linear compensated amplifying equipment as 
setforth in Claim 14 wherein said second non-linear 
distortion compensator is made of a non-linear ele- 
ment. 

19. Linear compensated amplifying equipment com- 
prising: 

a first non-linear distortion compensator that 
computes instantaneous power of a transmis- 
sion signal, computes a non-linear distortion 
compensation coefficient using said instanta- 
neous power in accordance with a prepared ap- 
proximation expression, and performs non-lin- 
ear distortion compensation using a complex 
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product of said determined coefficient and said 
transmission signal; 

a first quadrature modulator that quadrature- 
modulates output of said non-linear distortion 
compensator; 

a second quadrature modulator that quadra- 
ture-modulates said transmission signal; 
a main power amplifier that amplifies output of 
said first quadrature modulator; 
a non-linear distortion extractor that extracts a 
non-linear distortion signal by controlling a 
phase and amplitude of one of (a) output of said 
main power amplifier and (b) output of said sec- 
ond quadrature modulator and by synthesizing 
said two signals so that said two signals are in 
opposite phase; 

a second non-linear distortion compensator 
that renders characteristics opposite to those 
of an auxiliary power amplifier except for gain 
to the extracted non-linear distortion signal; 
said auxiliary power amplifierthat amplifies out- 
put of said second non-linear distortion com- 
pensator; and 

a modulation signal synthesizer that controls a 
phase of one of (c) output of said main power 
amplifier and (d) output of said auxiliary power 
amplifier, and synthesizes said two signals so 
that said two signals are in opposite phase. 

20. The linear compensated amplifying equipment as 
set forth in Claim 1 9 wherein the control of a phase 
and amplitude in said non-linear distortion extractor 
is perfomned before said main power amplifier. 

21. The linear compensated amplifying equipment as 
set forth in Claim 1 9 wherein the control of a phase 
in said modulation signal synthesizer is performed 
before said auxiliary power amplifier. 

22. The linear compensated amplifying equipment as 
set forth in Claim 1 9 wherein the control of a phase 
and amplitude in said non-linear distortion extractor 
is performed before said main power amplifier and 
thecontrol of a phase in said modulation signal syn- 
thesizer is perfomned before said auxiliary power 
amplifier. 

23. The linear compensated amplifying equipment as 

set forth in Claim 1 9 wherein said second non-linear 
distortion compensator is made of a non-linear ele- 
ment. 

24. Linear compensated amplifying equipment com- 
prising: 



renders characteristics opposite to those of a 
main power amplifier except for gain to the 
quadrature-modulated signal; 
said main power amplifier that amplifies the 
5 modulated signal subjected to non-linear dis- 

tortion compensation; 

a non-linear distortion extractor that controls a 
phase and amplitude of one of (a) output of said 
main power amplifier and (b) output of said 
10 quadrature modulator, and synthesizes said 

two signals so that said two signals are in op- 
posite phase; 

a second non-linear distortion compensator 
that renders characteristics opposite to those 
15 of an auxiliary power amplifier except for gain 

to the extracted non-linear distortion signal; 
said auxiliary power amplifier that amplifies out- 
put of said second non-linear distortion com- 
pensator; and 

20 a modulation signal synthesizer that controls a 

phase of one of (c) output of said main power 
amplifier and (d) output of said auxiliary power 
amplifier, and synthesizes said two signals so 
that said two signals are in opposite phase. 

25 

25. The linear compensated amplifying equipment as 
set forth in Claim 24 wherein the control of a phase 
and amplitude in said non-linear distortion extractor 
is performed before said main power amplifier. 

30 

26. The linear compensated amplifying equipment as 
set forth in Claim 24 wherein the control of a phase 
in said modulation signal synthesizer is performed 
before said auxiliary power amplifier. 

35 

27. The linear compensated amplifying equipment as 
set forth in Claim 24 wherein the control of a phase 
and amplitude in said non-linear distortion extractor 
is performed before said main power amplifier and 

40 the control of a phase in said modulation signal syn- 
thesizer is performed before said auxiliary power 
amplifier. 

28. The linear compensated amplifying equipment as 
45 setforth in Claim 24 wherein said second non-linear 

distortion compensator is made of a non-linear ele- 
ment. 



50 



55 



a quadrature modulator that quadrature-modu- 
lates a transmission signal; 
a non-linear distortion compensator that 
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